Abstract. The purpose of this study was to describe the nature and implications of strength deficits on the sides ipsilateral and contralateral to stroke. Subjects consisted of 16 patients who experienced a first stroke (2-40 days before testing) with hemiparesis (7 left, 9 right). The strengths of proximal (shoulder abduction, hip flexion), middle (elbow flexion and knee extension), and distal (wrist extension, ankle dorsiflexion) muscle actions were measured by hand-held dynamometry. Muscle strength deficits were calculated by subtracting measured forces from predicted forces determined from regression equations. The Functional Independence Measure was used to grade independence in transfers and gait. Analysis of variance (ANOVA) showed that the patients' strength was impaired bilaterally. Further ANOVAs demonstrated that impairments did not differ significantly from proximal to distal on the side contralateral to the lesion but that impairments were significantly greater proximally than distally on the side ipsilateral to the lesion. Muscle strength impairments tended to correlate significantly with one another (within and between sides) and with functional independence. The results challenge some traditional views of the muscle strength deficits that accompany stroke.
INTRODUCTION
Individuals wishing to accelerate the mass of their body or its component segments must first generate enabling forces using their skeletal muscles. The maximum force that skeletal muscles can bring to bear on the environment under a specific set of test conditions, muscle strength, is clearly diminished in most patients who have experienced a stroke 1) . The majority of the research on the strength impairments that accompany stroke has focused on weakness in the limb muscles contralateral to the brain lesion (stroke) [2] [3] [4] . Only a few studies have addressed muscle strength deficits on the side ipsilateral to the stroke (Table 1) . Although the studies are rather consistent in their documentation of paresis on the supposedly unaffected ipsilateral side, the value of the information provided by the studies is limited by the small number of subjects and/or muscle groups examined [5] [6] [7] [8] [9] . The purpose of this pilot study of patients with a recent stroke was to describe the nature and implications of strength deficits of proximal, middle and distal muscle actions of the sides contralateral and ipsilateral to stroke.
METHODS

Subjects
The patients described in this study were 16 inpatients who underwent muscle strength testing by one of the two authors as a normal part of their initial assessments. All of the patients had experi-enced their first stroke (cortical or subcortical) with hemiparesis less than six weeks (range=2-40 days) prior to testing. Included patients were free of other medical/surgical conditions known to affect muscle performance or make testing ill advised. All were able to follow two part verbal instructions and were 49 to 79 (mean=62.4) years of age. Nine were men and seven were women.
Instrumentation
Muscle strength was tested using hand held dynamometers that incorporate load cells and provide digital displays of force measurements. Specifically employed were an Ametek Accuforce II (Largo, FL) or a Chatillon Medical Force Gauge (Greensboro, NC). The dynamometers were loaded periodically with certified weights to assure their accuracy. Measurements obtained with the two devices have been shown to possess parallel reliability 10) . The two testers who employed the dynamometers have demonstrated previously their interrater reliability 11) .
Procedure
Isometric muscle strength was measured with the dynamometers using subject positions and dynamometer placements described in detail elsewhere 12) . Specifically measured on each side were actions of proximal, middle, and distal muscle groups; that is, shoulder abduction, elbow flexion, and wrist extension in the upper extremities and hip flexion, knee extension, and ankle dorsiflexion in the lower extremities. All actions were measured with gravity effects eliminated or lessened and muscles in the middle portion of their range. Knee extension was measured with subjects sitting upright. All other actions were tested with subjects supine.
Functional status was described using the Functional Independence Measure [FIM] , which quantifies performance with a 1 (total assistance) to 7 (complete independence) scale 13) . Specifically rated with the scale were patient performance at bed to chair transfers and level ground ambulation.
Statistical analysis
The Systat software program was used for all data analysis 14) . Strength deficits were described by comparing the measures of strength obtained from the patients with "normal" strengths predicted by regression equations in which patients' age, gender, and weight were entered. The regression equations were derived from measurements obtained using the same procedures with 156 healthy adults of 50-79 years 12) .
Multifactorial repeated measures analysis of variance (ANOVA) procedures were used to separately establish for the upper and lower extremities whether the patients' muscle strengths were impaired significantly on the sides contralateral and ipsilateral to the stroke. Multifactorial repeated measures ANOVAs were used also to determine 6 Watkins et al. separately for the upper and lower extremities if the strength deficits were significantly different between the contralateral and ipsilateral sides and between the proximal, middle and distal action. One way ANOVAs and trend analyses were employed thereafter to compare the impairments of different actions within each limb. Pearson correlations were calculated to examine the relationships between the strengths of the different muscle action. Spearman correlations were employed to describe the relationships between lower extremity strength deficits and function.
RESULTS
Bilateral impairments in muscle strength were found in both the upper and lower extremities of the patients included in this study. Table 2 presents a summary of the forces measured and the predicted normal forces calculated. ANOVA showed a significant difference overall in the upper extremities between the actual forces measured and the predicted normal forces calculated for the subjects (F=58.034, p=.000). Differences between measured and normal forces on the sides contralateral (F=89.987, p=.000) and ipsilateral (F=17.973, p=.001) to the stroke contributed to this overall difference. ANOVA also showed a significant difference overall in the lower extremities between the actual forces measured and the predicted normal forces calculated (F=35.935, p=.000). Differences between normal and measured forces on the sides contralateral (F=64.270, p=.000) and ipsilateral (F=9.284, p=.008) to the stroke contributed to this overall difference.
Strength deficits, though present bilaterally, were shown by ANOVA to be significantly greater on the side contralateral to stroke (Table 3) . Although the extent of impairment differed between actions ( Table 3 ) the manifestation of strength impairments from proximal to distal varied between extremities and sides. In the upper extremities (Fig. 1) , impairments of the side contralateral to stroke did not differ significantly (F=.309, p=.737) in the tested actions from proximal to distal. That is, as a percentage of normal, the strengths of the shoulder abduction, elbow flexion, and wrist extension actions were comparable. Impairments in upper extremity strength on the side ipsilateral to stroke, on the other hand, did differ significantly (F=9.071, p=.001) from proximal to distal. Specifically, there was a significant linear increase in strength (F=24.987, p=.000) as a percentage of normal from shoulder abduction, to elbow flexion, to wrist extension. In the lower extremities (Fig. 2) impairments of the side contralateral to stroke did not differ significantly (F=.657, p=.526) between the tested actions. Thus, the strength deficits were comparable across actions. On the side ipsilateral to the stroke, the strength of lower extremity actions expressed as a percentage of normal differed significantly between the hip flexion, knee extension, and ankle dorsiflexion actions (F=8.789, p=.001). Strength, so expressed, increased linearly (F=14.114, p=.002) from proximal to middle to distal. Table 4 presents the Pearson correlations between the normalized strengths of the various muscle actions. The strengths of muscle actions tended to correlate significantly between sides. All homonymous measures of strength (underlined) from the two sides were correlated significantly (r=.540 to .833). Even the nonhomonymous muscle action strengths of the two sides tended to correlate significantly within extremities (i.e. upper or lower). All nonhomonymous upper extremity strengths from the two sides were correlated significantly (.558 to .657). Three of five nonhomonymous muscle action strengths of the lower extremities correlated significantly between sides (r=.154 to .756). The normalized strengths of all actions of the sides contralateral (r=.533 to .929) and ipsilateral (r=.589 to .858) to the stroke were correlated significantly also.
The normalized strengths of all actions of the side contralateral to the stroke (Table 5 ) correlated significantly with the FIM gait score (r=.559 to .749). The strengths of all actions except ankle dorsiflexion of the side contralateral to the stroke correlated significantly with the FIM transfer score (r=.433 to .817). Correlations between normalized strength measures of the side ipsilateral to the stroke and the FIM gait (r=.209 to .615) and transfer (r=.320 to .716) scores were lower and less often significant. 
DISCUSSION
Limb muscle weakness on the side contralateral to stroke is such a common impairment that the terms hemiplegia or hemiparesis are sometimes used interchangeably with stroke. This study, which used data from a large sample of healthy individuals to establish normal comparison values, showed that strength was impaired on the side ipsilateral to the stroke as well as on the side contralateral to the stroke. Although this finding is consistent with previously published research [5] [6] [7] [8] [9] , it does not seem to be emphasized much in the research or practice literature. Strong evidence that the side ipsilateral to the stroke is weak implies that the strength of that side should not be used, as sometimes has been done 2) , as a standard of comparison when making judgments about strength deficits on the side contralateral to the stroke.
With patient strength decreased bilaterally and the normalized strengths of most muscle actions correlated significantly between sides and actions, the weakness accompanying stroke appears to be generalized. The reasons for this are difficult to establish with certainty. Perhaps patients with stroke are weaker than normal prior to their stroke. After all, individuals who are less active are more likely to experience a stroke 15) . Patients with stroke are also very likely to have some type of disability or handicap prior to their stroke 16) . Patients with other problems known to affect muscle strength, however, were excluded from the present study. Another possibility is that the patients of this study were demonstrating the expected consequences of the disuse that accompanies stroke. This explanation, however, is inadequate. The patients were on average only 14 days poststroke when measured. Even patients who were less than five days post stroke when tested for this study were weak bilaterally. Such times since onset are too limited to allow the development of the degree of weakness noted in the patients. The most reasonable explanation for the patients' bilateral weakness, is that the stroke itself has bilateral effects. Such effects would be expected if corticofugal output is in part bilateral as Colebatch and Gandervia have suggested 17) . The existence of generalized strength deficits following stroke does not mean that all muscle groups are affected comparably. Contrary to what traditional wisdom might suggest, the muscle actions tested were not significantly different in their degree of impairment on the side contralateral to the stroke. That is, the findings of this research challenge the traditional view that the patients' strength is more impaired distally on the side contralateral to the stroke. Although the traditional view has been challenged before 18) , it is apparently still held by many. On the side ipsilateral to the stroke, the pattern is consistent with that predicted by Colebatch and Gandevia 17) . Specifically, impairments in muscle strength were greater proximally than distally. This finding was true for both the upper and lower extremities.
The relationship between strength and function is established beyond a doubt in patients with stroke 19) . To our knowledge, however, only one study has shown strength deficits (per se) to be correlated with functional performance 20) . That study judged deficits on the side contralateral to stroke on the basis of measurements of the side ipsilateral to stroke. This study shows clearly that such a method of describing strength dificits will underestimate the extent to which stroke patients are impaired in strength. This study reveals that, like absolute measures of strength, normalized strength deficits tend to provide an indication of functional performance. The correlation in this study, as in studies employing absolute strength measures 19) , were higher for measures of the side contralateral to the stroke than for side ipsilateral to the stroke. Although the correlations of this and other studies do not prove cause and effect, they do provide support for the inclusion of bilateral strengthening activities in the treatment regimens of patients with stroke.
